Complex production systems can produce more than one part type. For these systems, production rate and priority of production for each part type is determined by production controllers. In this paper, genetic fuzzy logic control (GFLC) methodology is used to develop two production control architectures namely ''genetic distributed fuzzy" (GDF), and ''genetic supervisory fuzzy" (GSF) controllers. Previously these controllers have been applied to single-part-type production systems. In the new approach the GDF and GSF controllers are developed to control complex production systems. The methodology is illustrated and evaluated using two test cases; two-part-type production line and re-entrant production systems. Genetic algorithm is used to tune the membership functions of input variables of GSF or GDF controllers. The objective function of the GSF controller minimizes the production cost based on workin-process (WIP) and backlog costs, while surplus minimization is considered by GDF controller. The results show that GDF and GSF controllers can improve the performance of production systems. GSF controllers decrease the WIP level and its variations. GDF controllers show their abilities in reducing the backlog level but generally, production cost for GDF controller is greater than GSF controller.
Introduction
Controlling the production rates of manufacturing systems is notoriously difficult, since such systems are dynamic, uncertain and non-linear (Mok & Porter, 2006) . The production control is at the heart of the whole manufacturing process. Three main policies to control the production systems are token-based, time-based, and surplus-based (Gershwin, 2000) . In surplus-based control systems the differences between cumulative production and cumulative demand in a specific period of time is controlled. The main objective of this control policy is to produce smoothly while total demand is satisfied; it can also keeps work-in-process (WIP) to be as low as possible and reduce surplus or backlog. The WIP level is highly related to the fluctuations of demand. WIP is accumulated when the actual production rate is higher than demand. Surplusbased control policy contains ''bang-bang" (Tsourveloudis, Dretoulakis, & Ioannidis, 2000) , ''base-stock" (Duri, Frein, & Di Mascolo, 2000) and ''hedging point" (Sharifnia, 1988) control architectures which are based on surplus and backlog. In this control method the production is controlled to its maximum rate whenever inventory is below a critical level (hedging point) and set to zero whenever inventory is above that level (Bai & Gershwin, 1994) . Mok and Porter (2006) implemented hedging point control architecture and used genetic algorithm (GA) to optimize the performance of this control architecture.
The main objective in establishing control systems for production system is to minimize the long term average cost of manufacturing system, i.e. to be competitive on price (Monfared & Steiner, 2000) . Since 1990s fuzzy logic controllers (FLCs) (Michels, Klawonn, Kruse, & Nürnberger, 2006) have been implemented to improve the performance of different control architectures in production systems. Custodio, Bispo, and Sentieiro (1992) suggested application of fuzzy controllers to solve short range planning and scheduling problems. Tsourveloudis et al. (2000) developed a fuzzy control architecture, called heuristic distributed fuzzy (HDF) controllers, which outperformed the conventional hedging point controller proposed by Bai and Gershwin (1994) .
The main objective of HDF controllers is to keep the WIP as low as possible, and concurrently to maintain high machine utilization and throughput. These controllers were called distributed, because the control modules are distributed in production processes and control each machine separately. The inputs for HDF controllers are WIP level in upstream and downstream buffers of the machine, current machine status, and production surplus of the machine. The output is the production rate of the machine. The main fuzzy rule for HDF controller for a single-part-type transfer line is expressed as (Tsourveloudis et al., 2000) 
